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Abstract:
The wheat seed storage protein plays a key role in determining processing quality.
The disulfide bonds formed between cysteine residues in these proteins are critical in the formation of the unique rheological properties of wheat dough, which is the physical basis of bread making. Determining the number of cysteine residues in a particular protein, especially in high molecular weight glutenin subunits (HMW-GS)
is an important task in evaluating wheat glutenin effects on end-product quality. In the current study, we established a fast method to accurately measure the number of cysteine residues in the HMW-GS. An alkylation reagent, 4-vinylpyridine (4-vp), was used to treat the proteins during extraction. For every cysteine residue in a protein, this treatment increases its molecular mass value by 105.14 Da, which can be accurately determined by MALDI-TOF equipment. Based on the changes of the molecular mass value caused by 4-vp treatment, the number of cysteine residue in a protein can be reliably determined. This method is also confirmed to be useful in studying non-glutenin proteins such as lupin seed storage proteins. It is expected that this method will speed up the process of selecting desirable HMW-GS in wheat breeding.
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Introduction
Most proteins in nature contain disulfide bonds between cysteine residues. These bonds are considered as structural motifs that were formed to help stabilize the tertiary or quaternary structure of proteins [1, 2, 3] . By stabilizing protein structure, disulfide bonds can protect proteins from damage and increase their half-life [4] .
Moreover, they maintain protein integrity [4] . Cereal researchers have long been interested in disulphide bonds because of their role in determining the structure and functionality of wheat gluten proteins. Wheat storage protein, which consists of high molecular weight glutenin subunits (HMW-GS), low molecular weight glutenin subunits (LMW-GS), and gliadins [5] , confer special visco-elasticity property that makes bread-making possible. The intra-and inter-molecular disulphide bonds in HMW-GS and LMW-GS facilitate the formation of glutenin polymer [6] . The size and composition of glutenin polymer are strongly correlated to flour properties [7] .
Additional cysteine residue results in more cross-links with other glutenin subunits, resulting the formation of more elastic glutenin structure. For example, the HMW 1Dx5 subunit has an extra cysteine residue inserting a positive effect on dough elastic property [8] . Detecting the number of cysteine residues in a particular glutenin protein is of importance in predicting the effects of specific glutenin.
Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) is a high throughput tool for characterizing wheat gluten proteins [9, 10, 11, 12, 13, 14, 15, 16, 17] . Compared with the common separation methods, the MALDI-TOF-MS technique appears to be much more accurate and sensitive, requiring only few minutes per sample to perform the measurement [9] . Marchylo et al found that 4-vinylpyridine (4-vp) can combine with cysteine residue and stop the formation of disulphide bonds between cysteine residues [18] . The reaction between 4-vp and cysteine residue are often used for alkylation of protein prior to proteolytic A c c e p t e d M a n u s c r i p t digestion, SDS-PAGE and spectra analysis [19] . In addition, the reaction introduces a positive charge to the target protein. In this study, by combining the 4-vp and cysteine reaction and the precision and sensitivity of MALDI-TOF-MS, we established a procedure to reliably detect the number of cysteine residues in gluten subunits. The application was also found useful in determining other types of proteins.
Material and methods

Plant materials
Twelve Australian cultivars, Ajana, Banks, Bullaring, Bumper, Calingiri, Chara, EGA Blanco, Endure, Pugsley, Halberd, IGW2944, and IGW3240, and two Chinese cultivars, Shan 229, Wanmai 33, were used in this study. Apart from these wheat lines, a Western Australian lupin cultivar Kalya was also used in this study.
Wheat HMW-GS extraction
Proteins were extracted from whole meal wheat grain according to the sequential procedure described by Singh et al [20] . Wheat sample (20 mg) was treated with 1.0 ml 70% ethanol (v/v) at room temperature for 30 min. After centrifuging for 5 min at 10,000 g, the supernatants was discarded and 1.0 ml of 55% iospropanol (v/v) was added into the tube and incubated for 30 min at 65 °C, followed by centrifuging for 5 min at 10,000 g. These steps were repeated three times to completely remove gliadins. A c c e p t e d M a n u s c r i p t
After 60 µl supernatant was collected and 40 µl cold (-20 °C) acetone were added, the HMW glutenin subunit samples with 4-vp were prepared. The HMW glutenin subunits were purified by precipitation as described previously [18] .
Lupin seed protein extraction
Lupin seed protein was used to verify the suitability of the method under development. Two proportions of seed proteins were used, including salt soluble protein and water-soluble protein. The salt soluble protein was extracted from lupin flour based on Duranti et al [21] and Lampart-Szczapa [22] . In detail, the lupin flour samples were defatted by Hexane at 20:1 ratio [23] and the extraction buffer (0.5M NaCl) was added at the ratio of 15 ml/g. The mixture was stirred for 4 hours at 4 o C and the supernatant was collected by centrifugation at 10,000 g for 10 mins. For water-soluble protein extraction, the extraction buffer was pure water, and the rest procedures are exactly the same as the salt soluble protein extraction.
MALDI-TOF-MS
The dried mixtures of HMW-GS samples were dissolved in 60 μl acetonitrile A c c e p t e d M a n u s c r i p t plate voltage 92%, guide wire 0.3%, and delay time 1,000 ns. Ten spectra of fifty laser shots were collected in a random pattern of center biased over the sample spot, which were automatically accumulated to form the final spectrum.
Results
The MALDI-TOF results of wheat varieties Bumper and Shan229 were shown in Fig. 1 . The results clearly showed that when the HMW-GS was added with 4-vinylpyridine (4-vp), the Mr of the y-type HMW-GS increased by about 700 Da, the 1Dx5 increased by about 517 Da, and the 1Bx20 increased by 190 Da. Based on the changes of Mr values, the y-type HMW-GS can be concluded to contain 7 cysteine residues while the 1Dx5 and 1Bx20 contain 5 and 2 residues, respectively. The results were well consistent with existing knowledge about HMW-GS that y-type HMW-GS, 1Dx5 and 1Bx20 contain 7, 5 and 2 cysteine residues, respectively [8, 25, 26] .
In order to confirm the accuracy of this method, 17 cultivars with known HMW-GS compositions were used to detect their number of cysteine residues (Table. (Fig 2) .
1). Results revealed that the 4-vp treatment of HMW-GS increased the
Discussion
In this study, 4-vinylpyridine (4-vp) was used to detect the number of cysteine residue in a protein by MALDI-TOF. The theory was that each cysteine residue would combine one 4-vp molecule and the molecular mass increases 105.14 Da (the 4-vp molecular mass); the total increase of molecular mass is determined by the number of cysteine residues. For example, a protein with 4 cysteine residues will increase its Mr by 420.56 Da. The x-type HMW-GS usually have 2, 4, or 5 cysteine residues, while most y-type subunit have 6 or 7 cysteine residues [8, 27, 28] .
Since the number of cysteine residues in a HMW-GS well correspond to its effects on wheat processing quality [8] , it is useful to accurately determine their cysteine residue number. This is particularly true in evaluating a newly discovered protein. Another usage of this method is to discover new HMW-GS since all known HMW-GSs have 2, 4, or 5 cysteine residues and a protein with cysteine residue number outside these three numbers will deemed to be a novel HMW-GS. The reported method measures the change of Mr value directly from it spectrum, which was proven to be reliable and straightforward.
MALDI-TOF-MS has been used to characterize LMW-GS [13, 29] . It would be ideal if the 4-vp method can be used to measure the number of cysteine residues in LMW-GS, which typically contains about 8 cysteine residues. However, during LMW-GS extraction, it is essential for 4-vp treatment in order to prevent the formation of disulphide bonds between individual LMW-GS molecules. This makes A c c e p t e d M a n u s c r i p t this method not suitable for LMW-GS cysteine residue measurement since it is not possible to compare 4-vp treatment vs non-4-vp treatment of LMW-GS. It is worth noting that the Mr value of LMW-GS measured by MALDI-TOF is usually exaggerated since the protein was pretreated by 4-vp prior to MALDI-TOF analysis.
Usually, a LMW-GS subunit contains 8 cysteine residues, the Mr by MALDI-TOF is expected to be about 840 Da higher than its real Mr.
Recently, 4-VP was used to label wheat prolamins for more efficiently identification of cysteine-containing peptides in enzymic prolamin digests by electrospray ionization -tandem mass spectrometry [30] . In the current study, the 4-vp treatment of protein is used to fast and reliably measure the number of cysteine residues in a particular protein. This application is valuable when the number of cysteine residue is of importance such as gluteinin proteins, of which the effect is largely determined by the number of cysteine residues. It is expected that this method will speed up the process of selecting desirable HMW-GSs in wheat breeding.
M a n u s c r i p t * It is well known that Y-type HMW-GSs have 7 cysteine residues, and most X-type HMW-GSs have 4 except 1Dx5 and 1Bx20 with 5 and 2, respectively.
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